Purpose This study aimed at exploring the relationship between intelligence quotient (IQ) and alcohol consumption in a large sample of young males. This study explored whether IQ influences alcohol drinking and which pathways might be involved. We further hypothesized that IQ differences between lifetime abstainers and former drinkers exist, and that they primarily result from different group characteristics. Method Within a psychiatric-epidemiological survey using a cross-sectional design IQ-tests were administered to approximately 50,000 Swiss conscripts at age of about 20 years. The sample was divided into four alcohol consumption categories (rare, occasional, moderate and daily drinking) and two non-drinker categories (former drinking and lifetime abstinence). Probabilities for different levels of consumption or former drinking against lifetime abstention in relation to IQ were estimated using multinomial logistic regression. Models were adjusted for education, disability pension, tobacco/cannabis use, migration, parental alcohol disorders, and mental health.
Introduction
There is a vast body of evidence supporting a link between alcohol consumption and cognitive ability [1] . This association does not, however, necessarily follow a simple doseresponse pattern since particular drinking behaviors were positively related to cognitive performance while others were not-low-to-moderate drinkers tend to have a comparably higher intelligence quotient (IQ) [2] [3] [4] [5] . Although this link can largely be attributed to confounding variables, e.g., psychosocial problems and other related risk factors, which are overrepresented in heavy drinkers and most abstainers [6, 7] , its interpretation is hampered by the question of reverse causality. Most studies relating alcohol consumption to cognitive ability in later life revealed some evidence for an IQ-lowering effect of heavy consumption (and abstinence) over time, whereas moderate drinking was associated with absent or reduced risk for dementia and cognitive impairment [8] [9] [10] . However, when adjusted for early childhood IQ these associations were no longer so apparent [11, 12] . This suggests that a particular drinking behavior might be affected by earlier cognitive ability rather than the reverse [1, 13] . Follow-up studies based on IQ assessments in childhood or at military conscription revealed strong links to subsequent drinking patterns and later alcohol-type preferences [11, 14, 15] . A possible reason for this non-linear relationship between intelligence and alcohol consumption might be that intelligence plays an important role in certain lifestyle choices which are in turn related to specific drinking behaviors [1] . Furthermore, alcohol consumption is considered to be a maladaptive coping strategy, which may also reflect lower cognitive abilities [16, 17] . It can be assumed that in younger age groups, such as conscript samples, any deficits must have existed ''before their cognitive functioning could have been affected by their drinking habits'' [18] . Unfortunately, most studies considered non-drinkers as abstainers, regardless of prior drinking behavior [18] . Alcohol cessation is often linked to psychosocial problems [19] while those who never drank tend to abstain for ideological (e.g., cultural or religious) or other reasons [20] [21] [22] [23] . Neglecting these differences may produce a significant bias favoring moderate drinkers [24] . Lower cognitive test scores in abstainers might reflect particular subgroups and is therefore an artifact of this unobserved heterogeneity [25] . This possibility has to our knowledge, not been considered in previous studies in cognitive research.
The purpose of this study was to examine the association between IQ test score, measured once at ages 18-22, and alcohol drinking behavior in a population-based sample of 49,444 young Swiss males. We hypothesize that IQ is negatively associated with non-and daily drinking and positively associated with rare to moderate drinking. Furthermore, we distinguished between lifetime abstainers and those who used to drink, i.e., former drinkers. Non-drinkers were, therefore, split into these two subgroups. We hypothesize that lower cognitive test results are not related to alcohol abstinence per se but rather to former drinking which, in turn may, be explained by confounding factors. These factors are assumed to be more specific for former drinkers and potentially to explain these differences in multivariate analysis.
Methods

Sample
Swiss males between 18 and 22 years of age are obliged to undergo military conscription regardless of whether they will eventually serve in the Armed Forces. The examination of physical and mental fitness includes a psychiatric screening questionnaire and cognitive ability tests. The present study uses data collected on Swiss Armed Forces conscripts in 2005 and 2006 . Of the 51,555 males who completed the psychiatric screening questionnaire, 352 were excluded from analyses due to missing intelligence test data and a further 497 due to missing or inconsistent responses on alcohol use questions. One hundred and sixtytwo were dropped from analysis due to suspected simulation according to ICD-10 (Code Z76.5) during subsequent psychiatric examination. Those conscripts who received an ICD-10 diagnosis of organic mental disorders (Code F00-F09; N = 16) or mental retardation (Code F70-F79; N = 451) were also excluded, as these conditions are likely to affect cognitive functioning. Forty-nine thousand four hundred forty-four subjects (mean age = 19.71 years, SD = 1.01) were left in the dataset and used for analyses. This project of the Medical Department of the Swiss Armed Forces was undertaken in collaboration with the Centre for Disaster and Military Psychiatry at the University of Zurich. It was approved by the Zurich State Ethical Committee (KEK) as fulfilling all legal and data privacy protection requirements. All screening and test sessions were introduced and supervised by military test psychologists.
Alcohol consumption
Self-reported information about the frequency of alcohol consumption was split into five categories: ''non-drinking'', ''rare drinking (1-5 times/year)'', ''occasional drinking (1-5 times/month)'', ''moderate drinking (1-5 times/week)'', and ''daily drinking''. Additionally, conscripts were asked whether they have ever consumed alcohol. Based on this information the subsample of abstainers was split into lifetime abstainers and former drinkers. Table 1 displays prevalence rates of the specified categories of alcohol consumption used in this study.
IQ assessment
Full-scale (FSIQ), verbal (VIQ), and performance IQ (PIQ) were obtained for each subject using the intelligence test 95 (T95; [26, 27] ). Two time-limited IQ subtests assessed verbal (synonym and vocabulary abilities) and performance ability (recognition abilities) with 30 items each. Both subscales have been thoroughly validated [27] , revealing that the VIQ correlated highly with the verbal subscale (r = 0.68) of the Wilde Intelligence Test (WIT; [28] ) and the PIQ was highly correlated with the Form Board Test (r = 0.52) of the Kit of Factor-Referenced Cognitive Test (KIT; [29] ). Full scores range from 0 to 60 and subtest scores range from 0 to 30. The test scores have been 
Related factors
In order to account for other factors potentially related to alcohol consumption, information about selected sociodemographic, behavioral, and other specific risk factors was obtained. Education as part of socioeconomic status was assessed using three categories: (a) Compulsory school not completed, (b) Basic education (secondary school or equivalent), and (c) Higher education (grammar school or equivalent and higher/tertiary). Education was then dichotomized (higher education versus lower) for final modeling. Information about current tobacco/cannabis use together with receipt of a disability pension was obtained. Response options were ''yes'' or ''no''.
Additionally, respondents were asked whether they know of any clinically diagnosed alcohol-related disorders (past or current) in either parent. Responses were collapsed to a single variable parental history of alcohol disorders (yes/ no). Finally, we asked whether either parent had immigrated to Switzerland (parental history of migration-yes/no).
Mental health was assessed using the SymptomChecklist-90-(R)evised (SCL-90-R; [30] ), a well-validated and widely used clinical measure of psychopathology. In the current study, we used the SCL-90-R total score as a measure of general psychopathology.
Statistical analysis
Simple descriptive statistics are provided for the association between alcohol consumption and IQ/related factors (Table 1) together with distributions of IQ scores across the related factors (Table 2) . To estimate the probability of a particular consumption category on the basis of IQ and other factors, separate multinomial logistic regression models for full and subscale IQ scores were calculated. Data were initially tested on the assumption of parallel regression since alcohol consumption was measured using an ordinally scaled variable. The test, however, revealed a violation of that assumption, which may be expected with such a large study population [31] . As an alternative we used a multinomial modeling strategy, which ignores the ordinal structure of response variables by treating categories as nominally scaled. Alcohol consumption served as outcome with lifetime abstinence as reference category. After initial unadjusted models, a series of IQ-adjustments were conducted to address the main mechanisms underlying IQ-alcohol associations: (1) adjusted for the other IQ subscale, (2) adjusted for the other IQ subscale and education, (3) adjusted for the other IQ subscale and disability pension, and finally, (4) a fully adjusted model with all covariates considered. For ease of interpretation IQ scores were z-standardized prior to regression modeling; this allows the estimation of probability changes with in-/ decreasing IQ scores by 1 standard deviation, which corresponds to a rate of 15 IQ points. Odds ratio and 95 % confidence intervals were calculated. All analyses were performed using STATA 12 [32] .
Results
Descriptive statistics for alcohol consumption categories regarding their associations with IQ and covariates are presented in Table 1 . Continuous measures such as IQ and mental health are specified as means and standard deviations (M ± SD), and proportions and 95 % confidence intervals are given for categorical variables.
Results revealed that distributions of full-and subscale IQ follow a reverse j-shaped relationship with alcohol consumption with lowest scores in daily drinkers and highest in occasional and moderate drinkers (Table 1 and Fig. 1 ). Splitting up non-drinkers revealed similar scores for former drinkers and daily drinkers, whereas lifetime abstainers were similar to rare drinkers (Table 1 and Fig. 2 ).
All confounding factors revealed significantly distinct patterns across consumption categories. Higher education was strongly associated with moderate drinking followed by non-and occasional drinking. In the abstainer group, former drinkers had lowest rates of higher education (similar to daily drinkers) whereas lifetime abstainers had the highest rates. Lowest educational level (i.e., compulsory school not completed) was most prevalent among daily drinkers followed by non-drinkers, former drinkers represented approximately twice as often as lifetime abstainers. Parental migration followed a j-shaped association with alcohol consumption; daily drinkers were most prevalent followed by non-drinkers, in this case higher proportions of lifetime abstainers than former drinkers. Tobacco and cannabis use was linearly related to alcohol consumption with highest prevalence in daily drinkers, and rates in former drinkers were twice as high as lifetime abstainers. Mental health status and remaining healthrelated variables, such as receipt of disability pension and parental alcohol abuse showed a j-shaped curve from nondrinkers to daily drinkers with highest values in the latter. Lifetime abstainers showed higher psychopathology than former drinkers but lower rates of disability pension and parental alcohol abuse. For more detailed information see Table 1 .
Distributions of IQ scores were further examined in relation to educational levels and other covariates (see Table 2 ). Accordingly, lower education and other covariates are significantly associated with lower IQ. More specifically, lower education, migration history, and disability pension are associated with lower VIQ, whereas cannabis users scored lower on PIQ. Cigarette smoking and parental alcohol abuse revealed no significant differences between IQ subscales. Table 3 shows the results of a uni-variate multinomial logistic regression model, i.e., the unadjusted probabilities of IQ (z-standardized: 1 SD corresponds to 15 IQ points) and covariates for engaging in specific alcohol drinking behaviors (versus lifetime abstinence). Abstinence (i.e., current non-drinking) as a discrete category will not be included in subsequent analyses. According to the results, FSIQ and subscales were positively associated with occasional (FSIQ: OR 1.27; CI 95 % 1. Other factors were univariately associated with alcohol consumption as follows: higher education was least likely in former (-41 %) and daily drinkers (-43 %), followed by rare (-30 %) and occasional drinkers (-19 %). With respect to education moderate drinkers did not differ significantly from lifetime abstainers. Disability pension was less likely in rare to moderate drinkers (-43 % through -32 %) former and daily drinkers were similar to lifetime abstainers. Parental migration history was more likely in lifetime abstainers than any other category, with lowest probabilities in occasional (-59 %) and moderate drinkers (-60 %) and highest in former drinkers (-16 %). Similarly, smoking and cannabis use was least likely in lifetime abstainers, with increasing probabilities from former (factor smoking 1.93; factor cannabis 2.13) to daily drinking (factor smoking 21.35; factor cannabis 52.12). Presence of parental alcohol disorders was more likely in former (factor 1.41), moderate (factor 1.33), and daily drinkers (factor 4.3) compared with lifetime drinkers while no differences were found for rare and occasional drinkers. Mental health problems were negatively associated with former (OR 0.88; CI 95 % 0.80-0.96) and occasional drinking (OR 0.81; CI 95 % 0.76-0.85) but positively with moderate (OR 1.42; CI95 % 1.34-1.50) and daily drinking (OR 2.24; CI 95 % 2.10-2.38).
Finally, adjusted models for potential confounders were calculated. Adjusting for education increased the association between FSIQ and rare-to-moderate consumption but decreased the negative association with former and daily drinking (Table 4 ). These associations were stronger when all other factors were adjusted for. The association with daily drinking, however, disappeared. Adjusting for Ref.
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Ref. disability pension only revealed no differences to unadjusted models. Inclusion of both IQ subscales in one model fully eliminated the PIQ-alcohol association apart from daily drinking; here a bi-variate association remained (Table 5) . In contrast, the VIQ-alcohol association remained at unadjusted association levels, except in daily drinkers, where significance was lost. Adjusting only for education revealed no change in estimates for PIQ but slightly increased odds ratios for VIQ, which, however, remained non-significant for daily drinking. Adjusting for disability pension alone revealed similar estimates to unadjusted associations apart from VIQ where the significant association with rare drinking disappeared. After full adjustment, associations of PIQ with occasional and moderate drinking reached significance for a positive relationship but lost significance for daily drinking. After full adjustment, associations between VIQ and drinking categories revealed highest relationships including a positive link with daily drinking.
Discussion
To our knowledge this is the first comprehensive survey exploring the relationship between IQ data and alcohol consumption in a large sample of young males. We had the benefit of a representative and generally healthy young sample, with cognitive abilities considered unlikely to be affected by earlier drinking habits. In this age group IQ is presumed to be relatively stable and likely to reflect earlier cognitive abilities-irrespective of environmental influences [33, 34] . Any cognitive deficits may therefore be assumed to be pre-existent [18] . Multiple measures of IQ allowed us to examine the possible differential effects of IQ on the frequency of alcohol consumption. Our analyses were well controlled; suspected malingerers and participants with organic mental diseases or mental deficiency were excluded. Furthermore, a range of variables, which might confound the IQ-alcohol association, was taken into account for control purposes.
We hypothesized poorer IQ to be associated with former and daily drinking while moderate drinkers were expected to show higher IQ scores. This hypothesis was only partially supported. Although initially confirmed by bi-variate results this association was partly explained by confounders. We found that education was a suppressor within the relationship between rare-to-moderate drinking, whereas in former and daily drinkers it was mediated instead. These differences arise from higher education rates in moderate drinkers, and education, in turn, was highly correlated with IQ in bi-variate associations. This corresponds to a metaanalysis exploring specific characteristics of different Table 4 continued drinking groups, where both former and heavy drinkers were likely to be less educated than light-to-moderate drinkers [35] . Disability pension did not confound this relationship but was negatively linked to rare to moderate consumption, which is also in line with earlier research results [36] . Finally, all considered confounders in one model further increased the suppression of the IQ-alcohol association in rare-to-moderate drinkers as well as the mediation in former and daily drinking (full mediation in the latter). However, differential subscale results seemed to lead to the attenuation of FSIQ in daily drinking: whereas PIQ was initially negatively linked, this association was attenuated after full adjustment with a reversed effect for VIQ, i.e., the non-existent VIQ association became positive. This provides evidence for a shift in cognitive performance between ''normal level''-drinkers and abstainers [4, 18, [37] [38] [39] [40] . Thus, IQ may be a strong predictor of later life habits including drinking behavior-generally revealing healthier patterns for those with higher IQ. For example, a previous study found pre-existing higher IQ independently supported continuous moderate drinking and, therefore, reducing the risk for later alcohol-related problems [41] . Although studies of older populations with positive longterm effects of moderate consumption on cognitive function suggested a reverse causality [42] , it is possible that the link between IQ and drinking behavior is shaped much earlier, i.e., prior to the onset of drinking [11, 43] .
Furthermore, our data provided strong evidence for lower IQ in former drinkers together with significantly more psychosocial risk factors when compared with lifetime abstainers. This suggests that it is not non-drinking per se, which is linked to cognitive deficits, rather other important differences, which are in turn linked to cognitive variables, such as IQ [6, 7] . For example, former drinkers are more likely to have health-related or psychosocial problems, that are associated with lower IQ, which led them to cease drinking [44] [45] [46] [47] . This explanation, however, may not apply to our young sample. Nevertheless, significant differences between lifetime abstainers and former drinkers might support this view, e.g., former drinkers reported higher tobacco and cannabis use than lifetime abstainers and more often received disability pension (cf. daily drinkers). Furthermore, lifetime abstainers had lower proportions of parental alcohol abuse than the sample average and were higher educated than other groups. Finally, family migration background was most specific for non-drinkers; more than a third of this group had at least one non-Swiss parent, predominantly in the lifetime abstention group. Abstinence is often culturally determined, which may be partly attributable to religion, although this effect is generally attenuated in second-generation immigrants [48, 49] . In western societies, such as Switzerland, moderate consumption belongs to norm-oriented behavior, whereas both heavy and non-drinking are the exception rather than the rule.
Interestingly, a negative association between IQ and higher consumption was not confirmed by our data. Mortensen et al. [15] supposed that an association between IQ and high consumption in this age group might indeed exist, which, however, does not become apparent until higher levels of intake at a special occasion. Assuming that our daily drinking group consists of both a majority of moderate-daily and a smaller proportion of heavy-daily drinkers might explain the partially positive association with IQ. This, however, is consistent with a recent finding from a large longitudinal study exploring the link between IQ and the risk of heavy drinking over the lifespan (Wilmoth, unpublished) . In this study an initially positive association was found in males with similar ages as our sample; this relationship, however, became negative with increasing age. On the other hand, under-reporting, especially in cases of heavy drinkers, may also have led to a reduction of such effects. Although self-reports of substance use are potentially biased by social desirability evidence exists that self-reports of substance use, particularly in conscripts, are sufficiently reliable to be used in epidemiological studies [36] .
Summing up our data provide some evidence that a causal pathway between IQ and drinking behavior might exist, which is shaped by a complex framework of factors including both genetic and shared environmental selection processes [1] . IQ is assumed to be associated with a tendency for specific socio-demographic features which may affect lifestyle orientation including drinking habits [41] . Given the strong associations between IQ and all covariates considered in this study-for example education-these factors were substantial enough to explain the IQ-alcohol relationship in terms of confounding.
The conclusions drawn from this study should be understood in the context of its strengths and limitations. A major strength of this study is the large, representative sample of young males providing information on alcohol consumption frequency and IQ data from an entire 2-yearsample of Swiss conscripts. As our findings are based on conscription data, i.e., the participation in our study was mandatory; a possible selection bias was minimized. Strengths further included our approach separating former drinkers and lifetime abstainers. Other studies have pointed out the importance of this distinction due to suspected differences, including cognitive abilities, between these groups. Finally, although the IQ test administered to the Swiss conscripts was not a well-established psychometric test it has been validated and standardized against internationally recognized measures [27] . The data benefit from the large population base, which allowed calculation of standard IQ scores. Moreover, dividing IQ tests into sub- Ref.
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Ref. dimensions of verbal and performance tasks underlined interesting trends. An inherent disadvantage of our data is that our results may not generalize to other age or cultural groups with different drinking habits. Similarly, our findings may not be applicable to females since they tend to drink lower quantities of alcohol than males and changes in drinking habits over time are lower [50, 51] . However, despite drinking lower quantities of alcohol females were found to have comparable levels of at-risk drinking as males since they reach critical levels of intoxication more quickly [52] . Further limitations of this study include a lack of quantitative and chronological information on alcohol consumption including duration of current drinking patterns, changes in drinking behavior and reasons for doing so, reasons for not drinking in lifetime abstainers, and the average amount of alcohol consumed on ''drinking days''. Moreover, our method of splitting up non-drinkers into lifetime abstainers and former drinkers may result in participants who tried alcohol only once or twice in their lives being categorized as former drinkers. Lack of precise information impeded more accurate interpretation of the data. Similarly, it might be problematic to consider daily drinking as a reliable indicator of high consumption. In conclusion, it is unlikely we found real problem drinkers in this age group; their ''high'' consumption may occur on isolated ''high-intake'' occasions and many will decrease their consumption in later life [53] . A final limitation of the present study is its cross-sectional design. Since all information was recorded within 3 days of conscription examination relating IQ data to alcohol consumption may raise questions of causality. On the other hand a study sample of this young age is unlikely to show marked effects of alcohol consumption on IQ at this stage.
